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A B S T R A C T
Purpose: Juvenile myoclonic epilepsy (JME) is a heterogeneous syndrome with seizures presenting
typical ﬂuctuation in diurnal cycle and relation with awakening. Few publications have approached
clinical expressions of praxis induction (PI) in the nosology of JME as well as its impact on outcome. The
aim of this study is to characterize PI as the only reﬂex trait in JME and its relation with prognosis.
Method: JME with PI reported on a questionnaire and conﬁrmed by video-EEG testing (Group 1,
20 patients) were compared with JME without any reﬂex epileptic trait (Group 2, 25 patients) and
followed for a mean of 7.82 years (SD = 3.98). Circadian distribution and frequency of seizures were
assessed in a diary. Patients also had psychiatric evaluation.
Results: Prevalence of PI was 20/133 (15%) JME patients, and was predominant in males (1.5 male:
1 female; OR 13; p = 0.042). Among Group 1 patients, only 2/20 presented seizures exclusively in the
morning (p = 0.013), and none, exclusively on awakening (p < 0.001). PI patients had worse prognosis
regarding control of myocloni (p = 0.02) and absences (p = 0.01); only 7/20 (35.0%) could be treated with
VPA in monotherapy (p = 0.01). At the last follow-up, 2/20 (10.0%) of Group 1 and 10 (40.0%) of Group
2 patients were free of all three seizure types (p = 0.02). Even though relative risk of stress as a precipitant
of seizures increased 3.82 times in Group 1, psychiatric comorbidities were not different between
groups.
Conclusion: PI reﬂex trait in JME is related to seizures without preferential circadian occurrence and
reduced response to antiepileptic drugs.
 2015 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
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Juvenile myoclonic epilepsy (JME) is the most common type of
idiopathic generalized epilepsy (IGE); comprising 5–10% of all
epilepsies [1]. The cardinal symptoms are myoclonic jerks of upper
extremities; often precipitated by sleep deprivation [2,3]. Chron-
osensitivity is necessary for diagnosis. Occurrence of myoclonia
exclusively on or after awakening and age of onset between 10 andAbbreviations: NPP, neuropsychological protocol; ORM, orofacial reﬂex myocloni;
PI, praxis induction.
* Corresponding author. Tel.: +55 11 98265 2777; fax: +55 11 5549 3819.
E-mail address: mirian.guaranha@gmail.com (M.S.B. Guaranha).
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1059-1311/ 2015 British Epilepsy Association. Published by Elsevier Ltd. All rights re25 years are considered Class I diagnostic criteria while Class II
comprises myoclonia occurring predominantly on or after awaken-
ing; sensitivity to visual stimuli; praxis induction (PI) and a wider 6–
25 years range for onset of epilepsy [4]. Generalized tonic-clonic
seizures (GTCS) are present in approximately 80–95% of patients and
one third has absences [2]. Recently; data regarding long term
prognosis of JME have been published [5–10]. Despite the
recognition of some prognostic predictors such as presence of all
three types of seizures; psychiatric comorbidity and drug resistance
[10–13]; clinical diversity of JME is remarkable and the severity of
the disorder itself has only rarely been analyzed [14–16].
PI, one of the four reﬂex epileptic traits that occur in JME, is
deﬁned as precipitation of seizures or epileptiform discharges (ED)served.
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coordination and decision making [17–19]. Language and non-
verbal triggers can be understood as mechanistically similar
paradigms for seizure induction by verbal and non-verbal
cognitive tasks [20,21]. Since in these patients seizures can be
triggered by daily activities using their hands, the typical circadian
distribution of seizures in JME would be lost [22].
Although Matsuoka et al. [14] in 1992 had recognized PI as a
sign of worse prognosis in JME, few studies have approached its
impact on JME outcome [16,23,24].
Moreover, there is no published prospective studies comparing
JME patients with PI as the only reﬂex trait and JME patients
without any reﬂex traits.
The aim of this study is to characterize PI as the only reﬂex trait
in JME patients and its relation with prognosis.
2. Methods
2.1. Clinical evaluation
We used a semi-structured interview based on a question-
naire in order to endophenotype 133 JME patients according to
their reﬂex epileptic traits. All had unequivocal diagnosis of JME
based on electroclinical characteristics, including normal physi-
cal and neurological examinations, routine blood tests and brain
imaging (CT/MRI) and generalized 4–6 Hz spike or polyspike-
wave complexes, sometimes asymmetric, on a normal back-
ground in routine EEGs [25–27]. Inappropriate used AEDs
encompassed carbamazepine, oxcarbazepine and phenytoin, as
these are generally ineffective and might even aggravate
seizures in JME. They were followed in the outpatient clinic
of a tertiary center (Epilepsy Section, Department of Neurology
and Neurosurgery, Universidade Federal de Sa˜o Paulo, Sa˜o Paulo,
Brazil).
First, a clinical interview focused on myoclonic seizures
occurrence and their circadian distribution (exclusively or
predominantly on awakening, and the period of occurrence during
the day) and a questionnaire regarding the precipitant factors
including three questions were applied [23]: (a) Have you noticed
any situations or states which do cause you to have more
seizures?; (b) Can you identify some precipitating factor on this
list: stress, sleep deprivation, speciﬁc thoughts/concentration,
ﬂashing lights, performing hand activities and complex ﬁnger
manipulation, playing games, calculation, speaking in public,
alcohol intake, playing musical instruments, listening to music,
writing, dancing, drawing, menses, and others?; (c) Can you
identify some factors or situations that would stop or inhibit your
seizures?
Psychiatric comorbidity was then analyzed through Schedule
Clinical Interview for DSM-IV, Axis I (SCID-I), and/or MINI [28] and
State-Trait Anxiety Inventory (STAI), aiming to measure state
(STAI-S) and trait (STAI-T) anxiety components [29].
2.2. Video-EEG
After obtaining informed consent, all 133 consecutive patients
had a 4–6 h video-EEG monitoring, comprehending a research
protocol approved by the Ethics Committee of our institution.
Video-EEG was recorded on a digital equipment (Biologic 1,
software Ceegraph 1) using the 10–20 International Electrode
System, in addition to perioral and deltoid electrodes. For patients
who had presented GTCS over the last 48 h, the protocol was
postponed. Antiepileptic drugs (AEDs) were maintained in all
patients. After having slept for at least 4 h, they had 30 min of
awake EEG baseline recording, followed by a neuropsychological
protocol (NPP), composed by tasks such as reading silently andaloud, talking, writing, performing mental and written calcula-
tions, drawing and spatial construction puzzles (for details, see
Guaranha et al. [24]). The protocol and its analysis were based on
criteria reported by Matsuoka et al. [20] and Mayer and Wolf
[19]. PI tasks were performed at least 2 h after awakening. The
sequence of tasks was administered randomly in different patients.
PI was ascertained if at least one NPP task produced myoclonic
seizures or ED activation (deﬁned as ED per minute during NPP
task at least the double of that in baseline EEG) [19,20]. Aiming to
conﬁrm true activation in case of none ED in the baseline, the task
was applied again [24]. ED were classiﬁed as generalized or focal,
and evaluated with respect to amplitude, using at least two
montages. Bilateral anterior or posterior ED were not considered as
focal abnormalities.
At the end of NPP, habitual activation methods as eye-closure,
hyperventilation, intermittent photic stimulation, were per-
formed.
2.3. Inclusion and exclusion criteria
Forty-ﬁve out of 133 JME patients were enrolled. Among them,
two groups were selected: Group 1—JME with PI reported on
questionnaire and conﬁrmed by video-EEG NPP constituted by 20
(44.4%) patients and Group 2—JME without any reﬂex epileptic
trait, by 25 (55.6%) patients. Three patients out of 20 (15%)
included in Group 1 had language-induced orofacial reﬂex
myocloni (ORM) in addition to PI [30]. Activation by other reﬂex
traits, as photosensitivity/eye-closure sensitivity (40/133) or
failure to conﬁrm PI in NPP (7/133) were exclusion criteria.
Patients who had presented photosensitivity/eye closure sensitiv-
ity on routine EEG (18/133) were also excluded as well as those
with age less than 16 years (2/133), drugs/alcohol abuse intake
and/or noncompliance (6/133), and less than a year of follow-up
(15/133).
2.4. Follow-up
Seizure types and precipitant factors, AED therapy and
treatment adherence were observed. Patients were oriented to
avoid sleep deprivation and alcohol consumption. They received
sodium valproate (VPA) as ﬁrst choice drug, in mono or
polytherapy and other AEDs considered reasonably effective
in JME treatment, such as topiramate, lamotrigine, phenobarbi-
tal and benzodiazepines. Levetiracetam is not commercially
available in our country. Doses and AEDs were chosen according
to clinical response and adverse effects. Standard seizure
calendars monitored seizure frequency. Myoclonia and absences
were quantiﬁed as seizure days per month at the ﬁrst clinical
interview and currently. GTCS frequency per month was
estimated at the ﬁrst evaluation. GTCS frequency currently
was the sum of all seizures occurred over the last year of follow-
up. In addition, the total number of GTCS during life was
estimated at the last evaluation.
Patients were followed-up for one to 15 years (mean 7.82 years;
SD = 3.98).
3. Statistics
Comparisons between Groups 1 and 2 were performed by the
nonparametric Mann–Whitney test for quantitative variables, the
Fisher’s exact test for qualitative variables, and the Student’s t-test
for the averages. The relation between PI reﬂex trait and the
studied variables was estimated by odds ratio (OR). Demographic
and clinical variables associated with PI reﬂex trait were calculated
by multivariate logistic regression method. A p-value <0.05 was
considered statistically signiﬁcant.
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4.1. Demographics
Both groups were homogeneous regarding demographic data as
gender, current age, age at epilepsy onset, duration of epilepsy,
family history of epilepsy, and previous use of inappropriate AEDs
(Table 1). It is worth mentioning that 7/20 Group 1 (35%) and 12/25
Group 2 (48%) patients were older than 30 years of age.
4.2. Questionnaire
Among the general precipitants of seizures, sleep deprivation
was reported by 18/20 (90.0%) Group 1 patients and 23/25 (92.0%)
of Group 2, and stress, by 15/20 (75.0%) and 11/25 (44.0%) of
Groups 1 and 2, respectively (p = 0.067), with a relative risk of
stress as a seizure precipitant of 3.82 times in Group 1 (p = 0.039;
CI: 1.06–13.78). Other precipitant factors reported were alcohol
intake, anxiety (one patient in each group, 5.0% and 4.0%,
respectively), fasting (two patients of Group 1, 10.0%) and menses
(two women of Group 2, 8.0%).
Among speciﬁc triggers, 12/20 (60.0%) Group 1 patients
reported verbal tasks (writing, reading, speaking) and calculation;
3/20 had ORM during verbal tasks (15.0%); 17/20 (85.0%) spatial
non-verbal tasks, performing precise and non-learned movements
(5/17), playing musical instruments/learning rhythmic move-
ments (4/17), working at computer (3/17), videogames (3/17) and
board games (2/17). Stressful tasks, mainly involving decision-
making, were the most efﬁcient precipitant factors. Less common-
ly, tasks like dancing, swimming, cutting hair, painting, and
sewing, precipitated seizures in 1/17 patients of Group 1, each.
4.3. Video-EEG ﬁndings
Nine patients (45%) of Group 1 and 19 (76%) of Group 2 were
receiving AEDs in monotherapy, and the remaining in polytherapy,
during video-EEG (p = 0.015). Voltage and frequency of interictal
ED were higher in Group 1 (p = 0.018). At the baseline, 8/20 (40.0%)Table 1
Demographic data.
JME with
praxis
induction
trait
JME without
any reﬂex
trait
p-Value
N 20 25
Gender (females) 8 (40%) 14 (56%) *0.373
Age (average; SD) 30.5 y; 8.86 y 33.4 y; 10.59 y **0.385
19–30 y 13 (65.0%) 13 (52.0%) **0.713
31–40 years 4 (20.0%) 6 (24.0%)
>41 years 3 (15.0%) 6 (24.0%)
Age at epilepsy
onset (average; SD)
14.3 y; 3.70 y 13.2 y; 3.28 y **0.395
Duration of epilepsy
(average; SD)
16.7 y; 8.70 y 20.2 y; 10.86 y **0.243
Follow-up (average; SD) 6.7 y; 4.13 y 9.1 y; 3.59 y **0.05
Diagnosis delay
(average; SD)
9.1 y; 8.36 y 11.2 y; 9.10 y **0.499
Epilepsy in family 12 (60.0%) 12 (48.0%) *0.55
First grade 7 (35.0%) 4 (16.0%) **0.375
Second grade 5 (25.0%) 8 (32.0%)
Previous inappropriate
AEDs use
17 (85.0%) 14 (56.0%) *0.054
AEDs: antiepileptic drugs; JME: juvenile myoclonic epilepsy, SD: standard
deviation. Previous inappropriate AEDs use: carbamazepine, oxcarbazepine and
phenytoin.
* Fisher’s exact test.
** Student’s t-test.patients in Group 1 had focal ED in comparison with 1/25 (4.0%) in
Group 2 (p = 0.004). We considered focal discharges those
restricted to one cerebral region in general fronto-central or
centro-parietal, which alternated between sides in interictal
period. Tables 2 and 3 show NPP data. Interictal ED during PI
tasks occurred in a frequency of 7.71 per minute in average (SD
15.01) with an average voltage of 41.8 mV. (SD 23.85). Ictal ED
average voltage was 45.9 mV. (SD 43.62), and six patients (30%) had
asymmetric ictal ED. There was no statistical difference between
interictal and ictal average voltage.
4.4. Chronosensitivity
In patients with PI, the characteristic chronosensitivity of JME
was largely lost (Fig. 1). Whereas all Group 2 patients, except two
(23/25, 92.0%), had circadian distribution of seizures, it occurred in
only 12/20 (60.0%) patients of Group 1 (p = 0.011; CI 95% 1.40–
41.9; OR 7.67). Moreover, 13/25 (52.0%) of Group 2 patients had
seizures occurring exclusively on awakening, in comparison with
none of Group 1 (p < 0.001). Regarding the distribution of seizures
over the day, while 21/25 (84.0%) of Group 2 patients had seizures
exclusively in the morning, only 2/20 (10.0%) in Group 1 reported
seizures always occurring at this period of the day.
4.5. Psychiatric comorbidity
There were no differences between groups in SCID I/MINI. STAI-
S and STAI-T scores were similar in both (p = 0.624 and p = 0.878,
respectively) (Table 4).
4.6. Treatment and outcome
Although at the ﬁrst evaluation, both groups were similar in
terms of all three seizure types, at the last, PI patients had worse
prognosis regarding monthly control of myoclonic and absence
seizures (p = 0.02 and p = 0.01, respectively). Only 2/20 patients
(10%) in Group 1 were completely seizure free compared with 10/
25 (40%) in Group 2 (p = 0.023). While VPA in monotherapy was
used by 19/25 (76.0%) of Group 2 patients, 13/20 (65.0%) of Group
1 were in polytherapy (p = 0.01). VPA doses >1000 mg/day were
necessary in 6/20 (31.6%) in Group 1, in comparison with 4/25
(16.7%) in Group 2 (p = 0.295). Finally, there were no statistical
differences with respect to GTCS control in the last year ofTable 2
Epileptiform discharges at baseline and with non-speciﬁc activators.
JME with praxis
induction trait
(Group 1)
JME without
any reﬂex trait
(Group 2)
*p-Value
In monotherapy
at video-EEG
9 (45%) 19 (76%) 0.015
In polytherapy
at video-EEG
11 (55%) 6 (24%)
ED at baseline 13 (65%) 6 (24%) 0.008
Focal ED at baseline 8 (40.0%) 1 (4.0%) 0.004
EDF at baseline
(average/min; SD)
0.43; 1.003 0.14; 0.425 0.004
ED voltage
(average mV; SD)
37.8; 33.97 16.4; 33.65 0.018
ED at sleep 10 (50%) 9 (36%) 0.761
EDF at sleep
(average/min; SD)
0.71; 1.30 0.41; 0.847 0.309
ED at hyperventilation 9 (45%) 6 (24%) 0.205
EDF at hyperventilation
(average/min; SD)
1.19; 3.779 0.50; 1.358 0.238
ED: epileptiform discharges; EDF: epileptiform discharges frequency, SD: standard
deviation.
* Fisher’s exact test.
Table 3
Speciﬁc tasks inducing epileptiform discharges and/or seizures. Number of affected
patients, paroxysms rate and voltage.
Tasks inducing
ED/seizures
1 task 9 (45.0%)
2 tasks 4 (20.0%)
3 tasks 3 (15.0%)
>3 tasks 4 (20.0%)
Non verbal tasks Pyramid 11(55.0%)
Rubik 6 (30.0%)
Conundrum 6 (30.0%)
Drawing 5 (25.0%)
Picture reproduction 3 (15.0%)
Other puzzles 5 (25.0%)
Verbal tasks Writing 3 (15.0%)
Reading 1 (5.0%)
Talking 1 (5.0%)
Calculation Written calculation 1 (5.0%)
Mental calculation 1 (5.0%)
Interictal ED Interictal ED occurrence on PI) 18 (90%)
Interictal ED/min on
PI (average; SD)
2.16; 3.875
ED on PI tasks Total ED/min on PI
(average; SD)
7.71; 15.011
ED voltage (mV) on
PI (average; SD)
41.8; 23.85
Focal ED during PI 8 (40%)
Ictal ED Ictal ED occurrence on PI 14 (70%)
Ictal ED voltage (mV) on
PI (average; SD)
45.9; 43.62
assymetric ictal ED 6 (30.0%)
Arm myoclonia Bilateral myoclonia 4 (16%)
Left arm myoclonia 7 (28%)
Right arm myoclonia 7 (28%)
Perioral myoclonia Bilateral perioral myoclonia 1 (5.0%)
ED mental
calculation
ED mental calculation 5 (25%)
ED mental calculation
voltage (average; SD)
0.91; 3.790
ED speaking
and writing
ED speaking, writing 11 (55%)
ED speaking, writing
voltage (average; SD)
1.42; 3.915
ED reading silently ED reading silently 4 (20%)
ED reading silently
voltage (mV) (average; SD)
0.13; 0.324
ED reading aloud ED reading aloud 4 (20%)
ED reading aloud
voltage (mV) (average; SD)
0.93; 3.019
ED: epileptiform discharges; SD: standard deviation.
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occurrence (p = 0.56) (Table 4 and Fig. 2).
4.7. PI and quality of life
The occurrence of seizures triggered by leisure activities led
patients to stop practicing them. Furthermore, different reasons
have obliged 6/20 (30.0%) patients with PI to abandon their
occupations, such as a hairdresser, for being unable to cut the hair
of his customers and a cook, who was repeatedly ﬁred because of
accidents while cooking. Moreover, trying to learn skills for new
professions was also difﬁcult, since during motor learning, the risk
of having PI seizures was considerable. The provocation of
myoclonia in turn caused concerns by the threat of a GTCS.
5. Discussion
In the earlier literature, speciﬁc terms, such as playing chess,
card and other games, calculation, writing, drawing and decisionmaking were used to report that complex tasks could trigger
epileptic seizures. Since the proposal of Inoue et al. [18] all these
terms were included in the comprehensive concept of PI
[17]. Prevalence of PI in JME is variable around the world, from
24 to 84% [17,31]. It is intriguing that PI in JME is signiﬁcantly more
frequent in Japanese (46.7–84%) [20,31] than in Brazilian patients
(38%) [24]. An explanation could be a difference in precipitating
tasks. Whereas in our patients, calculation was rarely effective
(Table 3), in the meta analysis of 72 patients by Inoue et al. [18]
calculation was the most common precipitating task. Probably, in
Japan, the common use of the Soroban, the Japanese abacus, which
requires ﬁne and complicated movements to perform calculations,
allowed the witness by Japanese epileptologists of this under-
reported daily seizure activation trait [32]. Among the possible
reasons for this long hiatus to deﬁne relation between PI and JME,
as well as its impact in JME nosology is that documentation of this
trait requires prolonged video-EEG studies, far from routine EEGs,
in which only the traditional activation methods, such as
hyperventilation and photic stimulation, are used.
In this prospective study, we investigated the inﬂuence of PI in
JME endophenotypes and prognosis with a mean follow-up of
7.82 years. After submitting 133 JME patients to a semi-structured
questionnaire and video-EEG NPP, only 20 (15%) had PI as the only
reﬂex trait.
Although Matsuoka et al. [14] had already reported the negative
impact of PI at the beginning of treatment in 9/32 (28%) JME
patients, who continued having seizures 20 to 39 years despite
treatment, this reﬂex trait has not been considered in the several
recent series dealing with JME long term prognosis [5–10]. In
Matsuoka’s series, these patients, besides more focal ED on EEG,
had stronger response to NPP from the epilepsy onset. The authors
suggested that PI would be a predictor of prognosis in JME and that
the severity of disease process itself, rather than psychosocial
factors, might be crucial to determine its long-term course
[14]. Since then, other Japanese authors conﬁrmed that PI is
indicative of unfavorable prognosis in patients with JME
[18,33]. Our study comparing prospectively followed JME patients
with and without PI conﬁrms these ﬁndings. We also conﬁrm the
observation of Matsuoka et al. [14] regarding higher number of
focal ED, since focal interictal ED were present in 40.0% and 4.0% of
Group 1 and 2 patients, respectively (p = 0.004).
Video-EEG NPP investigation showed that 3/20 patients of this
series had both, limb myoclonia and ORM, occurring independently,
triggered by speciﬁc tasks. They were included as PI since perioral
muscles are the effectors of cortical networks processing language
[34]. Mayer et al. [35] postulated that in this case primary motor
areas were one of the components of a hyperexcitable physiological
cortico-subcortical circuitry providing a functional link for the
observation of seizures triggered by reading in JME. Triggering
seizures with the use of hands seems obvious since patients with
JME present increased motor cortical excitability [36].
PI affects signiﬁcantly the quality of life of JME patients, in terms
of professional and leisure activities. Learning new skills involving
the use of hands increases the amount of decision making in a
visuomotor performance, which seems to be central to PI.
In the present series we conﬁrm the male predominance of PI in
JME (1.5 male: 1 female; OR 13; p = 0.042) suggested in other series
of PI (ratios 3:1 and 2.3:1) [22,31] and the long lasting expression
of the trait, since 7/20 (35%) still expressed PI beyond the fourth
decade of life. In two JME patients described by Matsuoka et al., PI
under a continuous identical drug regimen persisted up to the ﬁfth
decade of life despite decrease of spontaneous myoclonic seizures,
suggesting that seizure propensity of JME improves over time but
PI persists longer [37]. Therefore, this trait appears to be dissimilar
to photosensitivity, which may disappear spontaneously around
the middle of the third decade of life in JME patients [38].
Fig. 1. Relation between myoclonic seizures and awakening and distribution of myoclonic seizures over the periods of the day in patients with JME with praxis induction and
in JME patients without any reﬂex trait.
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No JME patient with PI presented seizures exclusively on
awakening, and only 2/20 presented seizures exclusively in the
morning. This ﬁnding means that chronodependency, one of the
hallmarks of JME expressed by myoclonic jerks in early morning, is
lost in patients with PI. Goossens et al. [22] stated that patients
with PI had the clinical picture dominated by reﬂex activation and
this could be probably responsible for the absence of ﬂuctuationTable 4
Prognosis regarding seizure control and antiepileptic drugs.
N 
Seizure types Myoclonia/month (average; SD) at epilepsy onset 
Myoclonia freedom currently 
Myoclonia/month (average; SD) currently 
Absences at epilepsy onset 
Absences/month (average; SD) at epilepsy onset 
Absences freedom currently 
Absences/month (average; SD) currently 
GTCSs/month (average; SD) at epilepsy onset 
GTCSs over the last year (average; SD) 
GTCSs freedom currently 
GTCSs lifelong (average; SD) 
GTCSs lifelong > 20 
GTCSs lifelong 11–20 
Myoclonia, absences and GTCSs freedom 
AEDs Patients on AEDs 
AEDs monotherapy 
Valproate use 
Valproate >1000 mg/day 
Phenobarbital 
Lamotrigine 
Topiramate 
Benzodiazepines 
Psychiatric disorders Psychiatric diagnosis 
Mood disorders 
Psychotic disorders 
AEDs: antiepileptic drugs; GTCSs: generalized tonic-clonic seizures, SD: standard devia
* Fisher’s exact test.
** Student’s t-test.with diurnal cycle differing from JME patients. This was a possible
consideration in the discussion of that article, objectively veriﬁed
in our work for the ﬁrst time.
5.2. Response to treatment
Previously, our group reported that only 25/65 JME patients
(38.5%) became completely seizure free for at least three years if
mild and isolated absences or myoclonia were considered [24].JME with PI trait JME without any reﬂex trait p-Value
20 25
17.6; 13.27 11.2; 11.59 **0.18
2 (10.0%) 14 (56.0%) *0.002
1.8; 0.77 1.4; 0.76 **0.023
10 (50.0%) 8 (32.0%) **0.241
12.1; 12.80 9.5; 12.69 **0.673
17 (85.0%) 21 (84.0%) *0.327
6.2; 8.09 2.6; 6.30 **0.01
0.986; 0.733 0.982; 0.751 **0.493
1.2; 1.39 1.0; 1.63 **0.378
9 (45.0%) 16 (64.0%) *0.239
19.2; 16.16 18.1; 22.51 **0.564
6 (30.0%) 8 (12.0%) **0.019
5 8 (12.0%) **0.04
2(10.0%) 10 (40.0%) *0.023
20 (100.0%) 25 (100.0%) 1.0
7 (35.0%) 19 (76.0%) *0.001
19 (95.0%) 24 (96.0%) 1.0
6 (31.6%) 4 (16.7%) **0.295
5 (13.9%) 2 (5.6%) **0.214
5 (13.9%) 4 (11.1%) **0.482
3 (8.3%) 1 (2.8%) **0.475
3 (8.3%) 4 (16.0%) **0.309
9 (45.0%) 9 (36.0%) *0.559
6 (30.0%) 7 (28.0%) **0.895
2 (10.0%) 1 (4.0%)
tion.
Fig. 2. Univariate and multivariate analyses of variables with signiﬁcant increased risk in patients with JME and praxis induction. AEDs: antiepileptic drugs; GTCS: generalized
tonic-clonic seizures.
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175) of patients whose seizures were completely controlled,
between the second and the ﬁfth years, in data recently reporting
larger series including the use of all available AEDs such as
levetiracetam and zonisamide [10]. In Guaranha’s series, longer
epilepsy duration (13.9  9.0 vs. 8.7  8.2; p = 0.019); higher
prevalence of the combination of all three seizure types (72.0% vs.
30.0%; p = 0.003); discharges in baseline EEG (56.0% vs.22.5%;
p = 0.008); seizure recording (68% vs. 20%; p < 0.001) and sensitivity
to praxis (63.6% vs. 29.6%; p = 0.023) were factors linked to worse
prognosis [24]. Recent studies, in quite heterogeneous series, varying
from community-based to tertiary centers, have demonstrated
variable rates of pharmacoresistance: 13%, in a population-based
series [6] 15.5–30.0% in outpatient clinics [39,40].
In this current series of JME patients with documented PI as the
only reﬂex trait, in comparison with JME patients without any
reﬂex trait, we conﬁrm that PI determines worse prognosis for
control of myoclonia and absences, resulting in the need of AEDs inpolytherapy. However, neither GTCS frequency nor the total
number of GTCS during life was increased in JME with PI.
Although stress has been reported as a common precipitant of
seizure in JME with PI, in this series it increased 3.82 times the
relative risk for seizures. Psychiatric comorbidities in general and
anxiety itself as measured by STAI, did not prevail in patients with PI.
The limitations of this study are the considerable interval
between the onset of epilepsy and the ﬁrst evaluation in Groups 1
(average = 9.1 years, SD = 8.36 years) and 2 (average = 11.2 years,
SD = 9.10 years), respectively, partly due to the delay to deﬁne
syndromic diagnosis, and hence, not appropriate AEDs intake at
the onset of epilepsy; all patients were followed in a tertiary center
of epilepsy, which may not represent the actual JME population.
6. Conclusions
JME is a syndrome with signiﬁcant endophenotypes. PI reﬂex
trait, present in about one-ﬁfth of patients, is related to seizures
C.G.P. Uchida et al. / Seizure 32 (2015) 62–6868without preferential circadian occurrence that increases signiﬁ-
cantly the burden of epilepsy. Questionnaires and/or video-EEG
recordings can identify PI early at epilepsy onset. PI patients have
increased ED in baseline EEG and more frequently focal ED. Even
though relative risk of seizure precipitation by stress is increased in
PI, this reﬂex trait is not related with psychiatric comorbidities, but
with reduced response to AEDs.
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